increasing the size of the jet the amount of air entrainment could be minimized and, likewise, the likelihood of inhalation of blood or debris into the patient's lungs.
MATERIALS AND METHOD
For this new technique a special tube was constructed (see Figures 1 and 2 ). Conventional 7 ram, 7,~ mm, 8 mm, and 9 mm plastic tracheal tubes without cuffs were adapted simply with a scalpel. The oxygen jet tubing was taken from an intravenous infusion set (internal diameter 0.10"), and projected approximately 8 to 10 mm into the lumen of the tube, pointing distally to act as an oxygen jet. An inflatable rubber cuff was then placed over the tube and the oxygen jet tubing, holding the two tubes together by its elasticity. The cuff was positioned so that the cuff inflating tube lay next to the oxygen jet tube. A silk suture was inserted through the tapered end of the long side to approximate the two small tubes to the tapered proximal end of the tracheal tube. Initially, a long length of suture was left attached so that it could be used to pull on this tube to help remove it from the trachea after the operation. This was later found to be unnecessary and was then removed. An applicator which could be used to place this device into the trachea was made from stainless steel ( Figure 3 ) and designed so that a circular bulge made of brass was fixed onto it to serve to locate the tracheal tube on the shaft, but yet to pass easily in and out of the vocal cords. A system was purchased with which to flow oxygen intermittently from the jet mounted in the tracheal tube. This was the same as that used for carrying out bronchoscopic ventilation through the sidearm of the bronehoscope 5 ( Figure 4 ).
This tube was placed in the trachea ~ inch to 1 inch below the cords with the aid of an obturator ( Figure 5 ). The cuff was inflated and by intermittent insufllation of oxygen at high pressures from the oxygen jet sufficient pressure was generated to inflate the lungs intermittently.
EXPERI]VIENTAL STUDIES
The distal end of a special 8 mm tracheal tube was connected to the apparatus shown in Figure 6 , with which flows and pressures could be measured. The proximal end of the oxygen jet tubing was connected to the apparatus seen in Figure 4 and this was then connected to pipeline oxygen at 50 lb per square inch through a Sehraeder connector.
First, the clamp was tightened so that no gas could escape from the end of the test device and the pressure reducing valve was adjusted to allow the pressttre distal to the valve (i.e., pressure leading to the oxygen jet) to be zero. Then the pressure was increased in increments of 5 lb per square inch while the pressure obtained at the end of the tracheal tube was recorded. The results are seen in Figure 7 . The pressure reducing valve was then set to deliver sufficient pressure so that the pressure at the distal end of the tracheal tube (i.e., the pressure available to inflate the patient's lungs ) was 20 em of water. By opening the clamp, the resistance to flow of gas from this deviee could be varied. The amount of gas flowing from it was measured on the Wright respirometer and was compared to the number of centimeters of water pressure developed. These experiments were repeated three times with the flow measured for one minute each time. The experiment was then repeated with the pressure reducing valve set to deliver 30 cm of water pressure from the device. The average results at eaeh reading were taken, and the results are seen in Figure 8 .
Next, the pressure reducing valve was adjusted to give delivered pressures of 10, 15, 9,0, 25, and 30 cm of water at the distal end of the tracheal tube. At each particular setting the clamp was opened wide and the proximal end of the tracheal tube was occluded. The oxygen was then allowed to flow and was measured on the Wright respirometer. The oxygen flow from the jet compared to the pressure developed at the distal end of the tracheal tube could be compared. The results are seen in Figure 9 .
The device was tested on two dogs anaesthetized with intravenous nembutal and paralyzed with suceinylcholine. The device was placed in a position approximately 1 cm below the cords under direct vision, using a Magill laryngoscope blade and an obturator. The cuff was then inflated and the obturator removed. With the pressure reducing valve adjusted to deliver 9.0 cm of water at the end of the device, the lungs were intermittently inflated by depressing the blow gun button. Arterial carbon dioxide levels in these dogs varied between 30 and 35 mm of mercury and the oxygen levels between 500 and 550 mm of mercury. (Samples were taken from a peripheral artery by pereutaneous puncture into heparinized syringes and were immediately analyzed on an IL Model 113 blood gas analyzer. ) No untoward sequelae were found during these experiments.
CLINICAL USE
This system has been clinically tested on twenty-five patients having microsurgery on the larynx. The patients were premedicated with diazepam, 10 mg intramuscularly given one hour before surgery. On the arrival at the operating room an intravenous infusion was started with an 18-gauge plastic cannula and EKG leads connected to the chest giving an EKG readout on an oscilloscope through a VHF telemetry system. 6 Prior to induction of anaesthesia the tubes which might be used on these patients were first tested by connecting them to the oxygen injector system with the distal end of the tubes introduced into a Racine Figure 4) .
The patients were then we-oxygenated for four minutes. Induction of anaesthesia was carried out with intravenous methohexitone in a dosage sufficient to ensure adequate hynosis followed by 80 mg of succinylcholine intravenously. Next, under direct vision and using a Macintosh laryngoscope blade, the tube mounted on its obturator (see Figure 3) was inserted through the cords. (It is well to note at this point that various sizes of tube are always available so that should there be much more distortion of the laryngeal opening than originally thought, a smaller tube will always be at hand for insertion.) The cuff on the tube was then inflated and the obturator was removed. Positive pressure ventilation was begun immediately by intermittently pressing and releasing the blow gun button and the patient was then ready for the attention of the otorhinolaryngologist.
The surgeon then inserted his operating laryngoscope blade and surgery began. A sueeinyleholine drip of 500 cc of normal saline was begun into the infusion line to ensure relaxation. Further doses of 1 per cent methohexitone in 3 ce increments were given by the same route as needed to ensure hypnosis.
The cuff tube and oxygen jet tube are fitted on the tracheal tube in such a way that when the special tracheal tube is correctly inserted, these two tubes leave the trachea through the cords in the posterior part of the laryngeal opening, causing little or no obstruction to the surgeon's view. In fact, in most cases when viewing the cords down the operating microscope it was impossible to see these tubes. It was noted that at all times during both inspiratory and expiratory cycles, gas was escaping through the cords and blood which appeared near the edges of the cords was blown out of the trachea.
Arterial blood samples were taken by percutaneous puncture of the radial artery before and during operation. The results from the first five patients are seen in Table I . When the operation had been completed and following careful suetioning of the back of the throat, the cuff on the tube was deflated. The tube was withdrawn very simply by pressing the blow gun button. This caused a jet of oxygen to flow, which caused a positive pressure in the trachea and very simply blew the tracheal tube out through the cords. Occasionally, slight traction on the two tubes leading from the tracheal tube was needed. An oropharyngeal airway was then inserted, the sueeinyleholine drip was turned off, and the patient was then gently ventilated with 100 per cent oxygen by mask in a 5 ° Trendelenburg position until spontaneous respiration started again.
During one of the operations (a Teflon injection of a non-functioning vocal cord), the patient although still asleep under the influence of methohexitone was allowed to regain function of the vocal cords by switching off the suecinylcholine drip, so that the surgeons could see how much Teflon to inject to allow correct approximation of the cords. The two small tubes coming out through the cords seemed to not interfere at all with the movement of the free cord.
RESULTS
It can be seen plainly from studying Figure 7 that very adequate pressures can be produced by this system, enabling positive pressure ventilation to be accomplished easily.
In studying Figure 9 , it can be seen that with 20 cm of water maximum pressure available, an oxygen flow rate of approximately 38 liters per minute would be possible. Also, with the maximum pressure at 30 cm of water the oxygen flow rate was 48 liters per minute. This, of course, is the oxygen flow only and does not include any air which may have been entrained.
In Figure 8 the pattern of flow into the lungs can be seen for settings of 20 cm and 30 em of water maximum pressure; and it is interesting that with the device set to deliver 20 cm of water maximum pressure the oxygen flow only is approximately 38 liters per minute (Figure 9 ), but the total flow from the tube with no resistance to flow, under these conditions, is 46 liters per minute. However, this has fallen 38 liters per minute by the time the resistance to flow has reached approximately 2 cm of water. Under clinical conditions, this means that virtually no air entrainment occurs and that at nearly all times in the inspiratory cycle oxygen is blowing back from the tracheal device through the cords, as will be the ease during expiration. These results agree with the concept that as the size of the jet is increased, less air entrainment occurs, r,8 By referring to Table I it can be seen that blood gas levels are very adequate and oxygen levels are exceedingly high, indicating ventilation of the patient with 100 per cent oxygen or very near it.
DISCUSSION
We shall first consider this technique of anaesthesia in relation to the safety of the patient. The blood gas levels indicate that the patients are ventilated with approximately 100 per cent oxygen. This means that during the procedure the patient is extremely well oxygenated and, far more important, at the end of the operation the lungs are full of oxygen. This means theoretically that the patient can be apnoeic for five minutes without having the arterial PaO~ fall below 100 mm of mercury?
As can be seen from the results in Table I , this system ensures adequate minute volumes of ventilation. It is possibly more important that increase of ventilating pressure to overcome increases of resistance to ventilation may be provided by merely increasing the pressure delivered from the pressure reducing valve to the tracheal tube. Even laryngeal spasm should not cause much of a problem with this tube in position. It is well known that when laryngeal spasm occurs, it is impossible to ventilate the patient from above the cords using a mask or other form of positive pressure applied to the upper airway. This is because the larynx is shaped in such a way that pressure from above tends to close the cords even tighter together. However, pressure from below tends to blow the cords apart and, in fact, it should be possible to ventilate with an adequate minute volume even though the cords have gone into spasm because the pressure from below will tend to blow the cords apart and gas will escape from the lungs. Constant monitoring of the degree of relaxation of the cords is carried out by the surgeon and if the relaxant is allowed to wear off for a short time, as in the ease we have described, then ventilation is stopped momentarily until the cords are paralyzed again, or continued at a lower pressure allowing longer for expiration to occur to minimize the possible hazard of lung damage.
Apnoeie techniques and the use of the venturi principle have the hazard of inhalation of blood and debris. In this technique, for practically the whole inspiratory cycle, gas is blowing out through the cords and so minimizing this problem. It was found that the optimum way to ventilate patients with blood or debris in the area of the glottie was to follow expiration by the inspiratory phase without appreciable pause, in order to continue the flow of gas out through the cords and so to prevent inhalation.
Operating conditions are generally found to be extremely good because of complete relaxation and the lack of obstruction to the surgeon's operating field. If the surgeon wishes to operate on the posterior part of the cords, then it is a very simple matter to put the tracheal tube into position rotated through 180 °. 
